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For the last three decades, the higher education and professional
environments have been completely transformed by the
electronic/digital information revolution. This includes the intro-
duction of the spreadsheet (Visicalc 1979) and modern personal
computers (Apple Macintosh 1984), the development of the
World Wide Web (CERN 1991), the Internet search engines
(Google 1998), the open access repositories, and the broadband
Internet connections at home (Fig. 1). This trend has been asso-
ciated with the emergence of digital publishing, conference CD-
ROMs, and e-journals. Related changes have included the
development of computer-based courses and "virtual learning" at
the expenses of technical contents and practical studies in the
university curricula. Will we see: "Google as lecturer" as hinted
by Martin (2006) Sometimes, the universities have had access to
digital scientific resources like the international scientific data-
bases Engineering Index Compendex and Thomson Scientific lSI
Web of Science. These databases are increasingly used by some
university management and government education departments as
metrics of academic research quality and impact. Another source
of academic information is the open access repositories. These
collections of electronic resources regroup primarily academically
oriented digital resources that are open access and easily search-
able by anyone.
Herein the writer discusses the impact of digital publishing,
international databases, open access repositories, and related
Internet-based resources on the engineering teaching and re-
search, especially in civil and hydraulic engineering. After a re-
view of some changing practices in engineering projects, the
impact of digital publishing is documented in relation to research
quality assessment. Ethics and scholarship are also discussed. The
study is based upon the experience of the writer as a university
professor, a hydraulic researcher, and an expert consultant work-
ing closely with the industry.
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Information Revolution in Engineering:
Digital PUblications
The access and usage of technical documentations is an important
component of any engineering project and academic research, in-
cluding student design projects. While traditional searches were
undertaken in libraries, this approach has shifted toward Internet-
based searches for the last decades with the introduction of Inter-
net library catalogs, international databases, open access
repositories, specialized search engines, and specialized mailing
lists. In engineering, well-known commercial databases are Th-
omson lSI Web of Science and EI Compendex. Other commercial
databases include Science Direct, Scirus, Kluwer Online, and Sci-
tation, all managed by publishing companies. The access of a
commercial database is expensive, and it is limited to library in-
stitutions owned by government agencies, large universities, and
major industrial groups. On the other hand, an open-access digital
repository (OAR) is a service aimed to support open-access re-
search information. The open-access repositories (OARs) were
developed by universities in reactions to high journal prices and
licensing terms. In December 2007, there were more than 1,000
open-access repositories regrouping over several hundreds of mil-
lions of manuscripts (OpenDOAR 2007). These open-access re-
sources are listed in Internet search engines, including the market
leader Google and the specialized engine Google Scholar.
In civil engineering, a project starts with some bibliographic
research that involves (1) a search for relevant titles and listings,
(2) the ranking of the search results, (3) the retrieval of the most
appropriate documents, and (4) a critical analysis of the retrieved
information. The process is iterative until the most relevant infor-
mation is assessed thoroughly. For example, let us consider the
design of a dropshaft energy dissipator in a storm-water system
(Fig. 2). An engineer must first search for the relevant terms: for
example, dropshaft and energy dissipation. Then he/she will se-
lect, retrieve, and analyze a few of the most relevant documents.
The search results provide a broad listing and resources that must
be critically ranked because of the wealth of information. For
example, a search for "dropshaft, energy dissipation" yields over
185 results in Google, 33 titles in Google Scholar, and 3 articles
in lSI Web of Science. Of the 33 documents listed by Google
Scholar, the majority are not open access, nor are the articles
listed in Web of Science.
The retrieval of the search results is closely linked with (1) the
selection of most relevant records and (2) the rights to access the
resources. Although some ranking of the search results may be
based upon the number of citations or cross-references (e.g., Web
of Science, Google Scholar), the final selection must derive from
an expert analysis of the documentation. This analysis may be
adversely biased in civil engineering where the very large major-
ity of consulting companies do not have electronic access to com-
mercial publications because they are just too expensive. This is
Fig. 1. Information revolution [from top right, counterclockwise: the
CERN (World Wide Web 1991), Sherpa (2002) and RoMEO publish-
er's copyright listings, the open access repository harvester OAlster
(2002), and the open access repository UQeSpace (2006)]
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Fig. 2. Vertical dropshaft in operation (H=3 m)
further crucial for academics, professionals, and researchers based
in developing countries because the costs of Internet usage and
electronic publishing access are prohibitive. Many engineering
consultants and academics only access commercial search engines
like Google Scholar™ and open-access digital repositories. In
that environment, the open access repositories (OARs) have a
major role to play. They provide quality research works in a "digi-
tal world" filled with "blogs" and unreliable information.
Research Quality
In the age of digital publishing, the research publications consti-
tute a key element to establish the intellectual copyrights and the
scholarship of the work. Most advances in engineering academic
research are secured intellectually by some form of peer-reviewed
publication (Electronic Publishing Services 2006, Chanson
2007b). The peer-review process contributes to the quality con-
trol. It is essential to assess the standing and scholarship of the
research. Referees and peer experts play an important role in the
entire process, but their contribution is rarely acknowledged at its
true level. Peer reviews are unpaid, many reviewers conduct their
duties after hours, and there is little reward but to assist the pro-
fession, although a journal editor acknowledged recently the im-
portant contribution of peer reviews (N"imdakumar 2006). With
the ever increasing numbers of journals and conferences, the sci-
entific editors are under ,great pressure to find expert reviewers
who are willing to review the manuscripts objectively and in-
depth. It is an honor to be a peer reviewer, but also a duty. Since
each manuscript is typically examined by two to three experts,
every researcher should be prepared to review at least three
manuscripts for each manuscript that he/she submits. Individuals
who refuse to review manuscripts or provide reviews that are not
rigorous should be banned from future publications.
Ethics, Scholarship, and Dishonesty
With the introduction of digital publications, some contributions
in civil and hydraulic engineering have involved unethical behav-
ior, and the trend seems to have accelerated because of the pro-
liferation of publications. Recently three journal editorials
presented some experience of unscrupulous activities and dis-
cussed ethics (Henze 2005; Mavinic 2006; AIAA 2007). Each
researcher and professional should read these. Cheating and dis-
honesty are serious matters because they discredit the profession.
As an expert reviewer and editorial board member, I regularly
conduct peer reviews, and have experienced an increasing trend
of dishonesty from which the following unethical examples are
drawn. In late 2006, I reviewed a contribution written by three
people from a prestigious university. The same manuscript was
submitted simultaneously to two journals, containing several mis-
leading and deceiving statements. This was simply unethical. In
2007, two journal editors independently contacted me to seek
independent advice on new submissions. In each case, the papers
derived from earlier submissions prepared several years before,
rejected at the time and subsequently published in other journals.
The new submissions were merely a "massage" of published data.
I also experienced first-hand some dishonest actions that were
detrimental to my own research. In a few instances, some unscru-
pulous individuals copied my documents (Chanson 1993, 2002;
numerous photographic works), and published these under their
own name(s). In another case, an individual used my experimen-
tal data without a single acknowledgment or citation. During the
recent review of a manuscript submitted to the IAHR Journal of
Hydraulic Research, one reviewer claimed: "this paper included
[an] other researcher's results, but did not show the name of the
researcher." The statement was misleading and incorrect. The
work derived from an experimental study conducted two years
earlier by myself and my students, and was published in a refer-
eed technical report (Chanson 2002). In this instance, the journal
editor reviewed the technical report, received independent advice
from the technical report's referee, and ultimately discarded the
dishonest review. The manuscript was ultimately published
(Chanson 2007a).
Altogether these examples demonstrate some appalling ethical
standards. They underline that honesty and integrity is a duty of
each author, reviewer, and member of journal editorial boards.
Assessment of Research Quality and Impact
In many countries, governmental bodies and funding agencies are
developing some form of research assessment metrics to quantify
the research quality and impact. This administrative thrust tends
to focus on some simplistic indicator like a journal's impact fac-
tor, some citation rate; or an h-index. But these "metrics" are
artificial and often biased, and they lack objectivity. Further, these
simplistic indicators disregard the number of coauthors. Are
multiple-authored publications representative of individual schol-
arship, especially with more than four co-writers? Is the indi-
vidual research comparable to the scholarship involving a single-
authored paper?
There is no simple metrics of research quality and impact. A
research quality assessment must be focused on the reputation and
impact of each researcher based upon his/her contributions in
premier peer-reviewed publications. Research publications should
be ranked in terms of standing and impact (e.g., the perception of
the journal by its peers). For example, the Journal of Hydraulic
Research (IAHR) and the Journal of Hydraulic "Engineering
(ASCE) are the top scientific journals in hydraulic engineering.
While some new electronic tools provide further means to dis-
seminate some research information, the quality and impact of the
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Fig. 3. Number of journal publications per year published between
2002 and 2006, and listed in lSI Web of Science, by civil and envi-
ronmental engineering researchers in an Australian university
research remain closely linked with a thorough expert review pro-
cess. Publications of international scientific journals and books
are the premier standards. However some more just metrics could
be considered.
New Research Indexes
A new combination of two individual research output metrics is
proposed herein. One is defined as the weighted number of jour-
nal papers published per year, in which the weight of each con-
tribution is the inverse of author number (e.g., 0.20 for a paper
co-written by five people). Such an indicator is an equivalent
number of single-authored articles per annum. A second indicator
is the weighted number of citations per year where the weight of
each article citation is inversely proportional to the number of
co-writers of the paper that is cited. Although a majority of engi-
neering journal papers are co-written by two authors-typically a
research student and the supervisor-a fringe of individuals co-
write systematically with an unusually large number of colleagues
to boost their publication outputs. The newer metrics assesses the
individual scholarship using the single-authored publication as a
reference.
Figs. 3 and 4 illustrate a comparison between some conven-
tional metrics and the new indexes for the same group of civil and
environmental researchers in an Australian university. Fig. 3
shows both the total number of journal publications per year
written/co-written by each researcher of this group, and the
weighted number of publications per annum with a weight equal
to the inverse of the number of coauthors. The data cover a five-
year period and are focused on the journal publications only. Fig.
4 presents the weighted numbers of citations per year in which the
weight of each citation is inversely proportional to the number of
co-writers of the cited paper, and the m-index which is the ratio of
the h-index to the number of years that the researcher has been
publishing papers (Hirsch 2005). Note that the weighted citation
rate was averaged over the same time span.
The reader notes some anomalously high total publication
numbers in Fig. 3 (e.g., researchers 2, 5, and 19). Their weighted
number of publications is only about 1/4th of the total number of
publications. These individuals co-wrote regularly with four or
more coauthors to inflate their publication records and citation
numbers, as well as those of their friends, through numerical ar-
tifact and self-citation. This is simply unethical: "Ethical viola-
tions include... listing authors who did not significantly
contribute to the technical work" (AIAA 2007).
Fig. 4 highlights some low citation numbers per year for some
individuals with a relatively high number of outputs (e.g., re-
searchers 5, 6, 9, 10, 19). These poor citations rates relative to the
number of publications tend to highlight some researchers with
low impact on their peers. A comparison between Figs. 3 and 4
illustrates also one researcher who does not publish much but has
had a strong impact on the research community for the past
20 years (researcher 14). Last a comparison between the m-index
and the weighted citation rate indicates some contrasting metrics
(Fig. 4; e.g., researchers 2, 5, 8 and 13). It is believed that the
discrepancy between the indicators derives from some multiple-
authored publications which are not truly representative of indi-
vidual scholarship.
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Fig. 4. m-index and weighted number of citations per annum based upon journal papers listed in lSI Web of Science for the same group of civil
and environmental engineering researchers as in Fig. 3
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Fig. 6. Real civil engineering: the Todd River through Alice Springs
(NT, Australia) (with permission of S. Macminn): (a) dry river bed in
2006; (b) flood in Feb. 2000, flow from left to right [the road seen in
(a) is completely submerged]
(B) Flood in Feb. 2000, flow from left to right (the road seen in Fig. 6A is completely
submerged)
Internet resources is not an indicator of quality and scholarship.
For example, in fluid mechanics, Archimedes, Hero of Alexan-
dria, Blaise Pascal, Daniel Bernoulli, Leonhard Euler, Louis
Navier, and Henri Darcy, among others, did not use English or
Chinese! Professionals, students, and researchers must compre-
hend further that digital aids and e-resource databases do not
replace conventional libraries. Traditional library resources may
include a wide range of support including audiovisual materials,
hard copies of older books, and 3D animation that are not online.
Civil engineering is not a virtual discipline. Professional expe-
rience is critical while the interactions between engineering and
non-engineering constraints cannot be ignored (Liggett and
Ettema 2001). Digital Internet aids are only "aids." They do not
replace field experience and individual observations (Chanson
2004). They cannot convey the geometric scale of water systems,
the broad range of relevant time scales, or the variability of river
flows from zero during droughts to gigantic floods; the complex-
ity of basic fluid mechanics with governing equations character-
ized by nonlinearity, natural fluid instabilities, interactions
between water, solid, air and biological life; nor man's total de-
pendence on water. The same e-resources cannot explain the
present political instabilities centered around water systems and
freshwater system issues, nor the broad and complJ~x scope of the
relevant problems: water quality, pollution, flooding, drought
(Fig. 6). Fig. 6(a) shows a major highway crossing an ephemeral
stream and the situation is typical of more than 360 days per year.
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Fig. 5. Distribution of publication downloads in 2006 for the top 50
papers by Hubert Chanson (ePrintsUQ)
Discussion
Comments on Research Impact
Conferences
All the commercial databases and open access repositories record
some information on the data usage. The former do not release
these details because of a combination of commercial secrecy and
technological challenges (Electronic Publishing Services 2006).
But the OAR statistics are freely accessible and the outcomes are
challenging. At the University of Queensland, the OAR ePrint-
sUQ records the file download statistics, while the newer
UQeSpace provides further insights into the geographic access of
the data. The retrieval statistics are based typically upon the num-
ber of file downloads for a given period (e.g., 3 or 12 months).
For example, in 2006, my publication files were downloaded
55,000 times from ePrintsUQ. Fig. 5 illustrates the distribution of
publication downloads for 2006 alone. The geographic distribu-
tions of document retrievals showed a strong demand from North
America, Europe, and the Middle East, but little interest from Far
East Asia and Africa. While the low retrieval rate from African
countries may be linked with financial limitations, the lack of
interest from Japan, Korea, and China may be associated with
cultural and linguistic barriers.
Among the top 50 most downloaded articles included in
Fig. 5, 38 were not listed in Web of Science (i.e., 75%). These
were book chapters, scientific papers in journals not listed in Web
of Science, international refereed conference papers including
keynotes, and refereed research reports. Altogether, these 50
contributions were downloaded 30,000 times in 12 months. The
statistical results suggested that the impact of a researcher is
not simply characterized by commercial databases (citation re-
port, h-index), and that the "true" impact of a research publica-
tion could be assessed in terms of tqe number of file retrievals
additionally.
Is there a future for traditional books and journal publications?
Obviously yes, because scholarship cannot be replaced by digital
databases and online access. All the e-resources and digital aids
do not replace critical thinking. There is no substitute to smart
thinking, innovation, and scholarship, nor are there easy ways to
overcome linguistic and geographical boundaries. Presently, the
digital materials are biased toward the American and English lit-
erature at the expense of other sources (Vaughan and Thelwall
2004). In the future, the digital literature may become biased
toward simplified Chinese publications. The monopoly of some
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Fig. 6(b) illustrates a sudden flash flood overtopping the road.
Civil engineering is a real-world science for a better environment;
it is not an electronic game.
Summary
Digital publishing and electronics resources have changed our
working environment forever. In the course of civil engineering
projects, the bibliographic search is conducted using Internet
search engines, electronic repositories including commercial da-
tabases, and open-access repositories. These new techniques yield
too much information that becomes useless unless they are criti-
cally evaluated by experts. The electronic aids have induced a
widening gap between universities and small engineering compa-
nies, and between developed and developing countries, because
many commercial services including databases and digital pub-
lishing are outrageously expansive.
The technological revolution has some impact beyond, in par-
ticular, research quality and impact. The research quality must be
assessed through peer-reviewed publications, although the role of
expert reviewers is rarely acknowledged at its true value. While
many research funding institutions and government agencies are
driving the implementation of research quality assessment and
framework, there is no single measure of research quality and
impact. Simplistic metrics (impact factor, h-index) are naive, ar-
tificial, and biased, and fairer indicators including the number of
coauthors could be considered. Any assessment of research qual-
ity should focus on the reputation and impact of the researcher
based upon his/her individual contributions in peer-reviewed pub-
lications, and his/her own impact on the research and professional
communities.
Civil engineering researchers are under pressure to publish
more and more papers ("publish or perish"). With the increasing
numbers of journals and conferences, an increasing number of
unethical and dishonest behaviors have emerged. Although the
problem is still small in absolute numbers, it is a critical issue
discrediting the entire profession and the recent trend is alarming.
Electronic aids, digital resources, and Internet "surfing" do not
replace basic scholarship, personal experience, and professional
expertise. Civil engineering is not a "virtual" science. Engineers
and researchers must gain first hand experience in real profes-
sional situations, and comprehend the complex interactions be-
tween engineering and nonengineering constraints. All the
e-resources and digital "band-aids" shall never replace critical
thinking.
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